Convenient assumptions about qualitative properties of the intertemporal utility function have generated counterintuitive implications for the relationship between atemporal risk aversion and the intertemporal elasticity of substitution. If the intertemporal utility function is additively separable, then the latter two concepts are the inverse of each other. We review a theoretical specification with a long lineage in the literature on multi-attribute utility and use this theoretical structure to guide the design of a series of experiments that allow us to identify and estimate intertemporal correlation aversion. Our results show that subjects are correlation averse over lotteries with intertemporal income profiles.
INTRODUCTION
Convenient assumptions about qualitative properties of the intertemporal utility function have generated counterintuitive implications for the relationship between atemporal risk aversion and the intertemporal elasticity of substitution. If the intertemporal utility function is additively separable, then these two concepts are the inverse of each other. This is no technical side issue: Untangling it is central to the general understanding of savings behavior (e.g., Hall, 1988) , the analysis of insurance decisions by poor households in developing countries (e.g., Townsend, 1994) , and the behavior of asset prices over time (e.g., Hansen and Singleton, 1983) .
Our contribution is to demonstrate that weakly separable, nonadditive representations of preferences, built from a well-known theoretical foundation of intertemporal utility, can be estimated from controlled choices in a field experiment with adult Danes. Moreover, we show how one can incorporate different models of risk preferences that have empirical support from the modern experimental literature. Our approach is flexible in this regard, allowing one to examine popular modern alternatives to Expected Utility Theory (EUT), such as Rank Dependent Utility (RDU), for example. We can also easily examine popular behavioral alternatives to exponential discounting.
The core concept we investigate is known as correlation aversion. It arises from theoretical deviations from additively separable intertemporal utility functions, such as the deviations we employ here. Define the lottery α as a 50:50 mixture of {x, Y} and {X, y} and the lottery θ as a 50:50 mixture of {x, y} and {X, Y}, where X > x and Y > y. So α is a 50:50 mixture of both bad and good outcomes in time t and t + τ, and θ is a 50:50 mixture of only bad outcomes or only good outcomes in the two time periods. These lotteries α and θ are defined over all possible "good" and "bad" outcomes. If the individual is indifferent between α and θ, we say that he is neutral to intertemporally correlated payoffs in the two time periods. If the individual prefers α to θ, we say that he is averse to intertemporally correlated payoffs: It is better to have a given chance of being lucky in one of the two periods than to have the same chance of being very unlucky or very lucky in both periods. The correlation averse individual prefers to have nonextreme payoffs across periods, just as the risk averse individual prefers to have nonextreme payoffs within periods. One can also view the correlation averse individual as preferring to avoid correlation-increasing transformations of payoffs in different periods. Keeney (1971 Keeney ( , 1972 Keeney ( , 1973 develop the essential technical concepts of conditional utility functions and conditional risk aversion for two or more attributes. Richard (1975) formally states the main results in terms of multivariate risk aversion, to be contrasted with univariate risk aversion. Epstein and Tanny (1980) sharply define the specific concept of correlation aversion. 2 Since we interpret the two attributes as referring to different time periods, we refer to intertemporal risk aversion or intertemporal correlation aversion. 3 There are direct parallels in the older literature on multiattribute utility (Fishburn, 1965; Pollack, 1967; Keeney, 1971 Keeney, , 1972 Harvey, 1993) . There are also parallels in the older literature on multivariate risk aversion (Kihlstrom and Mirman, 1974; Rothblum, 1975; Duncan, 1977; Karni, 1979) , as demonstrated by Eeckhoudt et al. (2007) and Dorfleitner and Krapp (2007) . And the concept of correlation aversion provides insight into important properties of univariate risk aversion, such as properness, prudence, and temperance (Denuit et al., 2010) .
In Section 2, we review a simple theoretical specification, which has a long lineage in the literature on multiattribute utility, and demonstrate the critical role of intertemporal risk aversion or intertemporal correlation aversion. In Section 3, we use this theoretical structure to guide the design of a series of experiments that allows us to identify the core parameters of the latent structural models. We also discuss our specific experiments, conducted throughout Denmark using a representative sample of the adult Danish population. In Section 4, we review econometric models used to estimate the core parameters of the models.
Section 5 contains results, and provides the first estimates of the extent of intertemporal correlation aversion. Our results show that subjects are indeed correlation averse over lotteries with intertemporal income profiles and that the convenient additive specification of the intertemporal utility function is not an appropriate representation of preferences over time. We also show that intertemporal correlation aversion contributes significantly to the overall risk premium that characterizes risky intertemporal profiles. Finally, we demonstrate the flexibility of our approach by considering the "modular" effect on estimates of correlation aversion of allowing for popular specifications of nonexponential discounting and non-EUT risk preferences. Section 6 concludes.
Additional details are relegated to online appendices. Online Appendix A documents the experimental instructions; online Appendix B documents the experimental design and procedures; and online Appendix C provides detailed estimates allowing for observable heterogeneity in demographics and experimental procedures.
THEORY
We consider first an intertemporal decision model with weakly separable preferences under EUT. The intertemporal utility function at time t = 0 is written as
where u t ∈ X t , u(x t ) is the atemporal utility of money at time t, and δ is the exponential discount rate. For now, let ϕ be an identity function; we return to it momentarily. The decision tasks in our experiments provide lotteries with payments at two different points in time, where the time horizon between sooner and later payments varied between 2 weeks and 12 months. We can simplify the model in (1) and consider decisions that involve payments at two different points in time. Assuming u(0) = 0, the intertemporal utility function is specified as
where
t is the discounting function with a constant discount rate δ. Let the atemporal utility function be the constant relative risk aversion (CRRA) specification:
for r ࣔ 1, where r is the CRRA coefficient, assumed for simplicity to be the same for periods t and t + τ. With this functional form, r = 0 denotes risk neutral behavior, r > 0 denotes risk aversion, and r < 0 denotes risk seeking behavior, all defined over atemporal trade-offs in t or t + τ.
Given the popularity of the CRRA function in the microeconomic and macroeconomic literature, it is natural to consider this alternative structural specification of the intertemporal utility function ϕ:
where η is the intertemporal relative risk aversion parameter (η ࣔ 1), and the expression for the weighted sum of atemporal utility flows, ξ(x t , x t+τ ), is useful below. 4 The intertemporal utility function is separable but not additive when η ࣔ 0 and collapses to E[ξ(x t , x t+τ )] when there is intertemporal risk neutrality at η = 0. 5 We estimate the structural parameters in this model and discuss results in Section 5.
If the intertemporal utility function in (4) is additively separable, then the inverse of the intertemporal elasticity of substitution is equal to the coefficient of atemporal risk aversion. This assumption is one of convenience and is popular in models of intertemporal choice. The linear specification of intertemporal utility is then equal to a weighted sum of atemporal utility flows, where the weights are determined by the discount rate. 4 See Epstein (1983) , Epstein and Zin (1989) , Farmer (1990) , Weil (1990) , Bommier (2006 Bommier ( , 2007 Bommier ( , 2013 , Bommier and Rochet (2006) , Epstein et al. (2014), and Bommier et al. (2017) for discussion of alternative specifications of the intertemporal utility function and implications for intertemporal risk aversion. We are not concerned here with preferences for the timing of resolution of risk, and all risk is resolved immediately in our experiments. We do not see this as a serious restriction for this initial approach, in light of the comment by Epstein et al. (2014 .) that assumptions about preferences for early resolution may not be appealing. The specification in (4) can generate negative discount rates unless we assume that r < 1 and η < 1 to ensure that δ > 0. This assumption is empirically innocuous, as we demonstrate later with estimated parameter values. Andersen et al. (2008a) add background consumption ω to a CRRA specification of atemporal utility and apply the function u(x t ) = (ω + x t ) 1-r /(1 -r), where u(ω) > 0. They show that this function is well behaved when the intertemporal utility function is additively separable, in the sense that the addition of background consumption is a sufficient condition to avoid negative discount rates. However, adding background consumption to experimental income is problematic in the estimation of the nonadditive function in (4) because one has to specify the atemporal utility of background consumption at every point in time and not only when the sooner and later payments are made.
5 See Deaton and Muellbauer (1980, p. 137 ) for a discussion of strong separability and additive preferences. Tsetlin and Winkler (2009) provide a rich, general characterization of the class of utility functions that allow correlation aversion in the form of mixtures of exponential functions.
Following the exposition of Bommier (2007) , we can define a number of important concepts using this structure. The marginal rate of substitution between money in periods t and t + τ can be defined as
The coefficient of relative risk aversion in period t can be defined by
The (direct) elasticity of substitution between money in periods t and t + τ is
where Richard (1975) . 6 The coefficient of correlation aversion is just one tractable way to measure the underlying concept of intertemporal risk aversion or correlation aversion, just as coefficients of absolute or relative risk aversion are just tractable ways to measure the concept of atemporal risk aversion.
With these concepts defined, there is a remarkable relationship between them noted by Bommier (2007, Proposition 1):
From (9) we see formally that correlation aversion breaks the nexus between the intertemporal elasticity of substitution and atemporal relative risk aversion.
Given the parametric structure we have assumed, we can further state the marginal rate of substitution between money in periods t and t + τ using (5) as
the relative risk aversion in period t using (6) as
the (direct) elasticity of substitution between money in periods t and t + τ using (7) as
and finally the coefficient of correlation aversion with respect to money flows in periods t and t + τ using (8) as
Hence ρ t,t+τ is positive (negative) when η is positive (negative). The specific functional forms for these concepts will vary with the parametric assumption assumed, of course.
To elicit intertemporal risk aversion one would have to present subjects with choices over lotteries that have different income profiles over time. 7 Proper identification of intertemporal risk aversion (η) thus requires that one control for atemporal risk aversion (r) and the individual discount rate (δ). All three parameters are intrinsically, conceptually connected as a matter of theory, unless one makes strong assumptions otherwise. Our experimental design and econometric logic follow from this theoretical point.
EXPERIMENTS
The experimental procedures we adopt are a simple extension of those employed by Andersen et al. (2008a Andersen et al. ( , 2013 Andersen et al. ( , 2014 . Online Appendix B reviews the basic procedures, and we focus here on the extensions.
One task elicited atemporal risk attitudes for lotteries payable today as a vehicle for inferring the concavity of the atemporal utility function. Another task elicited time preferences over nonstochastic amounts of money payable at different times: in general, a smaller, sooner amount and a larger, later amount. In some cases the sooner amount was paid out today, and in some cases it was paid out in the future.
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A third task, new to this design, elicited intertemporal risk attitudes by asking subjects to make a series of choices over risky profiles of outcomes that are paid out at different points in time. 9 For example, lottery A might give the individual a 10% chance of receiving a larger amount L t at time t and a smaller amount S t+τ at time t + τ, (L t , S t+τ ) and a 90% chance of 7 Keeney (1977) illustrates this in a one-on-one, conversational elicitation with a decision maker. These lottery comparisons are used to justify the use of a correlation-neutral multi-attribute utility function and not to elicit the degree of correlation aversion. Delquie and Luo (1997) show how one can test for the tractable correlation-neutral class of functions using only two indifference judgments, rather than the set of lottery comparisons that are needed to estimate the extent of multi-attribute risk aversion.
8 One maintained assumption is that subjects do not have access to perfect capital markets with which to arbitrage the investment opportunities offered by the experimenter. In that case one should consider the effect of censoring of responses in line with borrowing and savings interest rates that the subject has available outside the experiment, as in Coller and Williams (1999) and Harrison et al. (2002) . Even when markets are perfect, understanding the quantitative importance of correlation aversion can be important for understanding life-cycle behavior (Bommier, 2013) . 9 Other experiments with real incentives have examined choices over time-delayed risk, but where the time delay is the same for all outcomes within a given lottery (Noussair and Wu, 2006; Baucells and Heukamp, 2010; Coble and Lusk, 2010; Abdellaoui et al., 2011) . This is an important domain of choice to examine, but is not intended to address the issue of correlation aversion. The only previous experiments with real incentives that we know of that explicitly test for atemporal multiattribute risk aversion are due to von Winterfeldt (1980) . He considers lottery choices of 18 subjects defined over 36 consumption bundles of gallons of gasoline and pounds of ground beef. For example, the lottery α might be a 50% chance of (16 gallons of gas and 10 pounds of ground beef) and a 50% chance of (no gas and no beef), and the lottery β defined as a 50% chance of (10 pounds of ground beef) and a 50% chance of (16 gallons of gas). He used three different methods of eliciting preference: direct statement of preference, including the option of indifference; a rating normalized between 0 and 100; and cash equivalents elicited using an incentive-compatible Becker et al. (1964) procedure with buying prices elicited from between USD0 and USD20. It appears that only the choices in the last elicitation procedure were played out for real, although the exposition is not completely clear (contrast the top of page 73 and the top of page 70). There were some response mode effects of the kind now known as "preference reversals" and some violations of nonsatiation. But the general conclusion is that "[m]ultiattribute risk aversion showed very clearly for all except two subjects" (p. 80). He also concluded that "[m]ultiattribute risk aversion appeared unrelated to . . . single attribute risk aversion" (p. 81). Pliskin et al. (1980) and Payne et al. (1984) report experiments with hypothetical incentives that test for multi-attribute risk neutrality and respectively report results that support and reject that characterization.
receiving the smaller amount S t at time t and the larger amount L t+τ at time t + τ (S t , L t+τ ). Lottery B might give the individual a 10% chance of receiving L t and L t+τ and a 90% chance of receiving S t and S t+τ . The subject picks A or B. We gave subjects 40 choices of this type, in four sets of 10 choices with prizes S t = S t+τ and L t = L t+τ in each set. Each set of 10 choices offered prizes with probability p(L t , S t+τ ) = p(L t , L t+τ ) starting at 0.1 and increasing by 0.1 until the last choice is between two degenerate lotteries. In this example, the last choice is a choice between receiving lottery A that pays (L t , S t+τ ) and lottery B that pays (L t , L t+τ ): Lottery B dominates lottery A and is a test of monotonic preferences.
We present each choice to the subject as a "pie chart" showing prizes and probabilities. We use the following four sets of larger (L) amounts and smaller (S) amounts: (A1: 3850, 100), (A2: 2000, 250), (A3: 2000, 75), and (A4: 4500, 50). Subjects were randomly assigned to one of these four prize sets. Each subject is presented with choices over four time horizons between 2 weeks and 1 year in the discount rate tasks, and the same four time horizons were applied in the intertemporal risk aversion tasks. We also varied the time delay to the early payments on a between-subjects basis, and this treatment followed from the discount rate tasks. If there was no time delay to the early payment in the discount rate tasks, then the early payments in the intertemporal risk aversion tasks were paid out immediately and similarly if the delay to the early payment option in the discount rate tasks was 1 month.
Between September 28 and October 22, 2009, we conducted experiments with 413 Danes. The sample was drawn to be representative of the adult population as of January 1, 2009, using sampling procedures that are virtually identical to those documented at length in Andersen et al. (2008a Andersen et al. ( , 2013 Andersen et al. ( , 2014 .
ECONOMETRICS
We consider nonadditive separable specifications of the intertemporal utility function and estimate the coefficient of intertemporal risk aversion. Equation (4) implies that the expected utility of option A in the intertemporal risk aversion task is given by
and the expected utility of option B is given by
where p(L t , L t+τ ) is the probability of receiving L t in period t and L t+τ in period t + τ. 10 We can write out the likelihood function for the choices that the subjects made and jointly estimate the risk parameter r, the discount rate parameter δ, and the intertemporal risk parameter η. We employ the contextual error specification proposed by Wilcox (2011) , and the latent index is specified by
where μ SDR is a noise parameter for the ("stochastic discounting") intertemporal risk aversion choices. The normalizing term λ is defined as the maximum intertemporal utility over all prize profiles in this lottery pair (L t , L t+τ ) minus the minimum utility over all prize profiles in this lottery pair (S t , S t+τ ). The maximum intertemporal utility over all prize profiles in the lottery pair is [D t u(L t 
(1−η) /(1 − η), and the minimum intertemporal utility is
(1−η) /(1 − η). 10 We assume here that the atemporal utility function is stable over time and is perceived ex ante to be stable over time. Direct evidence for the former proposition is provided by Andersen et al. (2008b) , who examine the temporal stability of risk attitudes in the Danish population. The second proposition is a more delicate matter: Even if utility functions are stable over time, they may not be subjectively perceived to be, and that is what matters for us to assume that the same r that appears in (3) appears in (10) and (11).
The likelihood of the intertemporal risk aversion responses, conditional on the specification of intertemporal utility being true, depends on the estimates of r, δ, η, μ SDR , μ RA , and μ DR , given the observed choices, where μ RA is a noise parameter for the atemporal risk aversion choices and μ DR is a noise parameter for the discount rate choices. The conditional log-likelihood is
where c i = 1 (-1) denotes the choice of option B (A) in intertemporal risk aversion task i, C is a vector of individual characteristics, and is the cumulative logistic function.
The joint likelihood of the atemporal risk aversion, discount rate, and intertemporal risk aversion responses can then be written as
where L RA is the conditional log-likelihood of the atemporal risk aversion responses, L DR is the conditional log-likelihood of the discount rate responses, and L SDR is defined by (13). The nature of this joint likelihood function is matched by our experimental design. Ignoring the objective parameters of the tasks, the lottery choices over stochastic lotteries paid out today (RA) depend on r, η, and μ RA ; the discounting tasks over nonstochastic outcomes paid out today or sometime in the future (DR) depend on r, μ RA , δ, and μ DR ; and the discounting tasks over stochastic outcomes paid out today or some time in the future (SDR) depend on r, μ RA , δ, μ DR , η, and μ SDR . Putting the behavioral error terms aside, if we were to try to estimate r and δ using either the RA or the DR choices, we would be unable to identify both parameters. Similarly, if we were to try to estimate r, δ, and η using only two of three tasks, we would face an identification problem. These identification problems are inherent to the theoretical definitions of the discount rate and correlation aversion and demand an experimental design that combines multiple types of choices and an econometric approach that recognizes the complete structural model. The general principle is joint estimation of all structural parameters so that uncertainty about the parameters defining the utility function propagates in a "full information" sense into the uncertainty about the parameters defining the discount function and the intertemporal utility function. Intuitively, if the experimenter only has a vague notion of what u(·) is, because of poor estimates of r, then she simply cannot make precise inferences about δ or η. Similarly, poor estimates of δ, even if r is estimated relatively precisely, imply that one cannot make precise inferences about η.
Our inferential procedure about correlation aversion does not rely on the use of EUT or the CRRA functional form. Nor does it rely on the use of the exponential discounting function. The method generalizes immediately to alternative multiattribute models of decision making under risk, such as those presented in Miyamota and Wakker (1996) . It also extends to specifications that use alternative discounting functions, as illustrated in Section 5.4.
RESULTS
5.1. Basic Results. Table 1 reports maximum likelihood estimates of the specification with the CRRA atemporal utility function.
11 There is evidence of a concave atemporal utility function (r > 0), with r estimated to be 0.35. The discount rate is estimated to be 11.4% on an annualized basis. 12 The main novelty here is evidence of intertemporal risk aversion, with η estimated to We can derive the certainty equivalents for each lottery in option A and option B of the intertemporal risk aversion tasks using (4) and then evaluate the risk premia associated with different prize sets.
14 Option A pays (L t , S t+τ ) with probability p(L t , S t+τ ) and (S t , L t+τ ) with probability (1-p(L t , S t+τ )). The decision tasks are designed such that S t = S t+τ and L t = L t+τ . If we assume, for simplicity, that the discount rate is equal to zero, then the present value of option A is L t +S t+τ kroner. If we define the certainty equivalent as either (L t , S t+τ ) or (S t , L t+τ ), then the risk premium is equal to zero for the lotteries in option A. However, if we define the certainty equivalent as the same certain amount to be paid out in both time periods, then the certainty equivalent is
η = 0 in our analysis, the log-likelihood drops significantly from -26,361.2 to -26,568.5, with r estimated to be 0.55 and δ is equal to 7.7%. 13 We evaluate RRA in the special case where MRS t, t+τ (x t /x t+τ ) = 1. In this case RRA t = RRA t+τ = η(1−r)/2 + r. 14 The matrix of risk premia in the multi-attribute case is characterized by Duncan (1977) and Karni (1979) . Kihlstrom and Mirman (1974; §2. 2) derived a "directional risk premium" that takes on as many values as there are possible "directions," and so is also multi-valued. But they pointed out that their measure allowed unique comparisons of utility functions representing the same ordinal preferences. The general point is that one cannot define risk premia as simply as when only considering the single-attribute case of univariate risk aversion.
where CE A is paid out in period t and in period t + τ. We can then define the risk premium of the lotteries in option A as
The subject prefers smoothing consumption over time if the atemporal utility function is concave, which is just to say that the risk premium is positive when r > 0. Using the estimates from Table 1 , the estimated risk premium is 911 kroner for prize set A1, 288 kroner for prize set A2, 440 kroner for prize set A3, and 1193 kroner for prize set A4.
If we allow the discount rate to be positive, then the certainty equivalent for option A is
where PEU A is the expected utility of option A given by (10). The risk premium is then derived as
The estimated risk premium for prize set A1 varies between 855 kroner when p(L t , S t+τ ) = 1 and 868 kroner when p(L t , S t+τ ) = 0.1. The estimated risk premium for A2 is 271 and 274 kroner for p(L t , S t+τ ) equal to 1 and 0.1, respectively. Similarly, the risk premium interval is [413; 419] for A3 and [1119; 1139] for A4. Hence, the estimated risk premium for option A falls slightly when we consider positive discount rates.
The lotteries in option B pay (L t , L t+τ ) with probability p(L t , L t+τ ) and (S t , S t+τ ) with probability (1 − p(L t , L t+τ )). The certainty equivalent of option B is
where CE B is again a certain amount that is paid out in both period t and period t + τ. This definition of certainty equivalence implies that CE B is independent of the discount rate and is
which is equal to 0 if p(L t , L t+τ ) is equal to 0 or 1. Figure 1 displays the estimated risk premium as a function of p(L t , L t+τ ) for each of the four prize sets in option B of the intertemporal risk aversion task. The solid line is based on the estimated parameter values for r and η in Table 1 , and the dashed line is based on a constrained model in which we assume that η is equal to 0 and r is kept constant and equal to 0.35. Hence the risk premium when η = 0 and the decision maker is assumed to be correlation neutral (CN) derives entirely from the atemporal risk aversion r of the decision maker. When η and r are positive and the decision maker is correlation averse (CA) as well as being atemporally risk averse, the risk premium derives from both types of risk aversion. The results show that intertemporal risk aversion accounts for a substantial amount of the estimated risk premium. For example, the upper left panel shows that the risk premium for prize set B1 is equal to 1,522 kroner in the unconstrained model when p(L t , L t+τ ) = 0.5 and is equal to 910 kroner when the intertemporal risk aversion parameter η is constrained to be 0, so the difference of 612 kroner is due to correlation aversion.
Observable Characteristics.
It is a simple matter to extend the econometric model to allow structural parameters to depend on observed demographics and experimental treatments. Online Appendix C does this and provides detailed estimates. The results imply considerable heterogeneity. Young subjects have lower estimated atemporal risk attitudes (r) than older Prize sets in option B of the intertemporal risk aversion task.
FIGURE 1
ESTIMATED RISK PREMIA subjects, with an estimated marginal effect of -0.58 that is statistically significant with a p-value of 0.024. We find similar marginal effects for students and subjects with kids, and cannot reject the hypothesis that subjects with these characteristics have linear atemporal utility functions. The results also point to a negative correlation between relative risk aversion and income: Subjects with low income are significantly more risk averse than those with middle or high income, and subjects with high income are significantly less risk averse than those with middle income. It is noteworthy that there is no significant gender effect on atemporal risk aversion: Women exhibit greater risk aversion (+0.14) than men, but the 95% confidence interval on this estimate spans zero, and the p-value is only 0.24.
Despite the considerable variation in atemporal risk attitudes, we find that only one of the demographic characteristics is significantly correlated with individual discount rates (δ). Young subjects have higher discount rates than older subjects, and the marginal effect of 8.8% is significant with a p-value of 0.024.
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There is a significant age effect on intertemporal risk attitudes as measured by η. Young subjects are significantly more intertemporally risk averse than those above 40 years of age; the marginal effect is 0.25 with a standard error of 0.09 and a p-value of 0.006. We also find a gender effect, with women being more risk averse over lotteries with intertemporal payment profiles than men. The estimated η is 0.25 larger for women, and this estimate has a p-value of only 0.006. Table C2 in online Appendix C shows the implied estimates of relative risk aversion and the intertemporal elasticity of substitution. Younger subjects, students, and those with kids have linear atemporal utility functions, and the IES coefficient is effectively infinite for these subjects. We also infer significantly negative marginal effects on the RRA coefficient for these three types of subjects. The marginal effect on RRA for young subjects is -0.46, with a p-value of 0.079; it is -0.52 for subjects with kids (p-value of 0.066) and is -0.58 for students (p-value of 0.063). Finally, the results point to a significant positive marginal effect on RRA for subjects with low income and a significant negative marginal effect for subjects with high income. Hence, there is evidence that RRA declines with income, but we find no significant effect of income on the IES coefficient.
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We also evaluate the total effects of several of the demographic characteristics on the estimated RRA and IES by estimating marginal effects without controls for other characteristics. We calculate total effects since many demographic characteristics co-vary in the population and therefore also in our sample. We find that women are more risk averse than men, with an estimated RRA of 0.45 for women and 0.33 for men. This difference in RRA between men and women is statistically significant, with a p-value of 0.026. However, we cannot reject the hypothesis that men and women have identical IES coefficients; the difference of 0.37 has a p-value of 0.740. There is an age effect on the two RRA and IES coefficients. The older age group has a higher RRA and lower IES than younger subjects, where the difference in RRA is significant with a p-value of 0.064, and the difference in IES has a p-value of 0.102. We cannot reject the hypothesis that the coefficients of RRA and IES are similar across income groups and education levels. Figure 2 displays the predicted distribution of the coefficient of correlation aversion (CCA), evaluated using (8 ) and the four prize sets in the intertemporal risk aversion tasks. The upper left panel shows predicted CCA values for the income profile with high sooner payments and low later payments. The predicted mean is 0.10 (÷ 1000), with a standard deviation of 0.07 (÷ 1000). There is clear evidence of correlation aversion in general, although roughly 5% of the sample exhibits correlation neutrality or correlation loving preferences. The lower left panel displays the predicted distribution for the income profile with low sooner payments and high later payments. If the individual discount rate is equal to 0, then the predicted values of CCA in the upper and lower left panels would be the same. The predicted mean of the individual discount rate for the sample is 0.10, with a standard deviation of 0.08, and we therefore see small differences between the estimated means and standard deviations across the two income profiles in the upper and lower left panels. The upper and lower right panels show the predicted distributions for the income profiles with two high payments and two low payments, respectively. The general pattern is the same as before, although the estimated means and standard deviations are lower (higher) for the income profile with two high (low) payments. Thus, we observe correlation aversion in general across the four income profiles in the intertemporal risk aversion tasks. 17 16 We find a significant effect of sex on relative risk aversion and discount rates when the intertemporal utility function is mis-specified to be additively separable: women appear to be significantly more risk averse and patient in monetary terms than men. 17 We can also consider a more flexible specification of the intertemporal utility function and replace the η-parameter in (4) with a two-parameter version of the cumulative gamma distribution. There are very few a priori restrictions on the shape of the gamma distribution other than those of a cumulative density function. The estimated coefficients of r and δ are then different from before: The estimated IES is equal to 1.08 and the discount rate is estimated to be 1.3% on an annualized basis. However, we find that the estimated CCA is higher when the CRRA specification of (4) is replaced by the gamma distribution. We evaluate the CCA using the four prize sets in the intertemporal risk aversion tasks, as before, and find that CCA is 37.5 (÷ 1000) for the income profile with low sooner payments and low later payments, and 2.1 (÷ 1000) for the income profile with high sooner payments and high later payments. The estimated Predicted values based on ML estimates with observable demographics; N=413 One of the advantages of our approach is that one can consider "modular" changes in the modeling of time preferences and risk preferences. This is desirable given the popularity of alternatives in the modern behavioral and experimental literature, surveyed by Starmer (2000) and Frederick et al. (2002) .
The Coefficient of Correlation Aversion.
Our objective here is to demonstrate that the concept of intertemporal correlation aversion does not depend on the use of the exponential discounting model. To illustrate the generality of the results, we consider the effect of using two popular alternative discounting models.
18 The exponential discounting model may be viewed as assuming a constant variable utility cost per time period of delay. The two alternatives we consider are the Quasi-Hyperbolic specification that allows for a fixed utility cost as well as a constant variable utility cost, and the Weibull specification that allows for a nonconstant variable utility cost.
The discount factor for the quasi-hyperbolic (QH) specification is defined as
where β < 1 implies quasi-hyperbolic discounting and β = 1 is exponential discounting. The defining characteristic of the QH specification is that the discount factor has a jump discontinuity at t = 0 and is thereafter the same as the exponential specification. The discount rate for the QH specification is the value of d QH that solves
CCA are significantly different from 0, and we continue to observe correlation aversion in general when the gamma function is used. 18 There are many variants from the exponential model, and most are evaluated by Andersen et al. (2014) using a separable and additive intertemporal utility function.
for t > 0. Thus, for β < 1 we observe sharply declining discount rates in the very short run, and then discount rates asymptoting toward δ as the effect of the initial drop in the discount factor diminishes. The drop in the discount factor caused by β can be viewed as fixed utility cost of discounting anything relative to the present, since it does not vary with the horizon t once t > 0.
The QH model performs poorly in our model with intertemporal risk aversion, in the sense that the coefficient β is not significantly different from 1, which of course is the exponential case. 19 We estimate the value to be 1.003, with a 95% confidence interval between 0.989 and 1.018. The estimated values for r, δ, and η are virtually identical to those shown in Table 1 for the exponential specification, which is of course not surprising if β ≈ 1.
The discount factor for the Weibull distribution from statistics 20 is defined as
forŕ > 0 andś > 0. Forś = 1 this collapses to the exponential specification, and hence the parameterś can be viewed as reflecting the "slowing down" or "speeding up" of time as subjectively perceived by the individual. This specification is due to Read (2001, p. 25, equation (16) ). The discount rate at time t in the Weibull specification is then
Thus one can again see the exponential emerge as a special case whenś = 1. The Weibull model also performs poorly in our data, in the sense that the key parameterś is estimated to be 1.048, with a standard error of 0.141 and a 95% confidence interval between 0.77 and 1.32. This uncertainty in the estimate ofś does translate into some uncertainty about discount rates in the short run, but not in an economically significant way. For horizons of 1 week the implied discount rate is 0.137, for 3 months it is 0.121, and for 1 year it is 0.113; the confidence intervals for these estimates are -0.013 ↔ 0.288, 0.069 ↔ 0.173, and 0.092 ↔ 0.135, respectively. Again, the estimates of r, δ, and η are virtually identical to those shown in Table 1 for the exponential specification.
One implication of these nonexponential specifications, as noted by Backus et al. (2004, p. 328) , is nonstationarity and time inconsistency. We do not want to rule that behavioral possibility out a priori, but others might want to. 21 If so, there exist general restrictions on the intertemporal utility function to ensure stationary preferences and time consistency, even when allowing for correlation aversion (e.g., see Bommier, 2013; Epstein et al., 2014; Bommier et al., 2017) . 5.5. Nonexpected Utility Theory. Similarly, we can show that the concept of intertemporal correlation aversion does not depend on the use of the EUT model. 22 To concretely illustrate this, we consider the effect of using a popular alternative model due to Quiggin (1982) , which 19 The QH model performs poorly with these data even when one assumes intertemporal risk neutrality; see Andersen et al. (2014) .
20 Any probability density function f(t) defined on [0, Ý) can form the basis of a discounting function by taking the integral of f(t) between t and Ý. Indeed, discounting functions are formally identical to the "survivor functions" that labor and health economists routinely estimate in duration models and are also known as "reliability functions" in the applied statistics literature on failure. Hence familiar and flexible families of probability density functions, such as the Gamma or Weibull, can be used to directly define discounting functions. This has the attraction of allowing the analyst to rely on a large literature in statistics on the properties of these functions for different inferential purposes. 21 Indeed, we find it natural to think of there being a (statistical) mixture of data-generating processes at work, particularly in aggregate, representative agent models. One process might be time-consistent and another process might not be, as in Coller et al. (2012) . To study such mixtures, one must be able to specify different discounting functions that allow such behavior. 22 There have been extensions of multi-attribute utility theory to a wide range of non-EUT models, such as Fishburn (1984) and Miyamoto and Wakker (1996) . relaxes the Independence Axiom (IA). The RDU model posits probability weights based on some continuous function of the objective probabilities and then infers decisions weights from these probability weights. The probability and decision weights depend on the rank of the outcome, in a familiar manner, replacing the usual IA with a Comonotonic IA. If the atemporal expected utility function is
then, if Z > z, we can rewrite the atemporal expected utility as
for some probability weighting function ω(p). We use a general functional form proposed by Prelec (1998) that exhibits considerable flexibility:
defined for 0 < p ≤ 1, ζ > 0, and υ > 0. 23 Of course, EUT assumes the identity function ω(p ) = p , which is the case when ζ = υ = 1.
When the outcome is simply an amount of money, as in our atemporal lottery tasks, there is no complication calculating the rank to apply the RDU model. When the outcome consists of two time-dated amounts of money, as in our temporal lottery tasks, one has to be more careful. The natural quantity to base the rank on is then the present value of the atemporal utilities afforded by the two time-dated amounts of money. To see this explicitly, recall the expression for option A, referred to generically as lottery α in the definition of correlation aversion:
Since the decision tasks are designed such that S t = S t+τ and L t = L t+τ , we get that ξ(L t ,S t+τ ) > ξ(S t ,L t+τ ) for δ > 0, and the rank-dependent utility, with just two outcomes, is
A similar construction applies for option B, and one can trivially identify the ranks on an a priori basis. The estimates show evidence of greater correlation aversion when one allows for RDU preferences rather than EUT risk preferences. Figure 3 shows the estimated "S-shaped" probability weighting function and the decision weights implied for equi-probable reference lotteries (e.g., if there are four prizes each has probability ¼). 24 The estimated values of ζ and υ are 1.37 and 2.32, respectively, and one can easily reject the EUT hypothesis that ζ = υ = 1. There are some slight changes in the other core structural parameters from Table 1 : r is now estimated to be 23 Many apply the Prelec (1998, Proposition 1, part B) function with constraint 0 < υ < 1, which requires that the probability weighting function exhibit subproportionality (so-called "inverse-S" weighting). Contrary to received wisdom, many individuals exhibit estimated probability weighting functions that violate subproportionality, so we use the more general specification from Prelec (1998, Proposition 1, part C), only requiring υ > 0, and let the evidence determine if the estimated υ lies in the unit interval. This seemingly minor point makes a major difference in our case: Constraining υ to the unit interval incorrectly leads to evidence of no probability weighting for the average adult Dane. 24 In general, when there are more than two outcomes, there is a distinction between the probability weighting function ω(p) and the decisions weights w(p) derived from them. When there are just two prizes, as here, the decision weights for the highest and lowest outcome are ω(p) and 1 -ω(p). 
CONCLUSIONS
We elicit intertemporal risk attitudes from a representative sample of the adult Danish population using real economic commitments and a theoretical framework derived from wellknown multiattribute theory. The results suggest that intertemporal risk aversion is a better characterization of the average Dane than intertemporal risk neutrality. This result implies that the convenient additive specification of the intertemporal utility function is not an appropriate representation of intertemporal preferences for the general Danish population. We also show that the characterization of intertemporal risk aversion leads to significantly different estimates of risk premia compared to the estimates obtained when one assumes it away. Our findings have important implications for the characterization of intertemporal preferences in life-cycle modeling, labor supply over time, retirement planning, and policy applications with varying time profiles of costs and benefits.
At a methodological level our approach to estimating correlation aversion complements the earliest work of Keeney (1971 Keeney ( , 1972 Keeney ( , 1973 Keeney ( , 1977 and Keeney and Raiffa (1976) on the direct assessment of multi-attribute utility functions. Much of the literature on empirical demand systems in the 1950s and 1960s used utility structures exhibiting separability and additivity to facilitate estimation (Deaton and Muellbauer, 1980, chapters 3, 5) , and early work on utility independence was explicitly motivated by the desire to directly elicit multi-attribute utility specifications in an efficient manner. Our approach is to indirectly elicit those specifications by estimating a latent structure consistent with observed binary choices over carefully SOURCE: Calco and Dercon (2009, figures 2.1 and 2.2).
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selected time-dated lotteries. We still need to attend to the same general issues of identification but in a way that is arguably less demanding of the subject. Moreover, we are free to explore alternative models of time preferences and risk preferences, as demonstrated, whereas direct elicitation requires that one take a stance on those prior to observation of subject behavior.
Finally, the multi-attribute utility structure we employ is general and not a theoretical framework constructed just to address specific anomalies in intertemporal choice behavior. The concept of correlation aversion has much wider applicability than just to evaluating risk attitudes toward income streams over time.
For example, Bommier (2006 Bommier ( , 2010 Bommier ( , 2013 applies it to the idea that agents know that they have finite lives, but do not know when they will die. This is a naturally occurring and pervasive time-dated risk, and concepts of correlation aversion then have sharp implications for the characterization of discounting, portfolio choice, and life-cycle behavior. One could easily imagine extensions of this application to consider risk management choices in the form of investments in health or location to improve one's chances of living longer, or extensions to consider another attribute, the quality of life, as well as longevity per se.
In terms of atemporal correlation aversion, Keeney (1977) and Keeney and Raiffa (1976) document a wide range of policy applications in which these concepts naturally apply. For example, Gangadharan et al. (2015) consider donor preferences over aid to developing countries that is reasonably expected to have risky outcomes over multiple attributes, in their case access to water to meet basic needs on the one hand and the improvement of sanitation outcomes on the other hand. They find that private donors exhibit correlation aversion over these attributes when making donation decisions, in contrast to aid agencies, which tend to promote the complementarity of different attributes of aid of this kind that would be better suited to donors that were correlation loving. Thus the concept of correlation aversion would help in the design of better matches between philanthropic donors and aid providers.
As a final, normative example, consider the issue of evaluating the welfare cost of "poverty spells," defined as transient dips below the (absolute or relative) poverty line. Figure 4 , extracted from Calvo and Dercon (2009) , illustrates with different temporal patterns of consumption, with z denoting a poverty line. Consider the left four hypothetical scenarios and take scenario 4(a) as the benchmark. By comparison, do we say that period-long poverty is less in scenario 4(b) just because the periods of "compensation" provide more consumption than scenario 4(a)? If so, how are we to evaluate how much compensation of this kind would offset the episodic poverty? Is scenario 4(c) worse than 4(a) because the poverty spells arise sooner in time? Similarly is scenario 4(d) better than 4(a) since the poverty spells occur later in time, or is that offset by them being contiguous? And what if these four scenarios are equally likely at the outset and the specific levels of consumption within each year also random around these means? The right four scenarios are taken from field data for specific rural households in different locations in Ethiopia, showing that there can be considerable variety in poverty spells. Whether we are using the risk and time preferences of the households to evaluate these alternatives or some social welfare function reflecting the preferences of donors or governments, rigorous evaluation of these poverty spells requires a general structure that allows correlation aversion and that is flexible enough to accommodate a wide range of models of risk and time preferences.
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